► This large study included all patients aged 18 to 84 years in the SWEDEHEART registry, who were admitted to hospital because of AMI between 1996 and 2010. The study adds new information demonstrating that absence of chest pain in patients with AMI is associated with more complications and higher short-term and also long-term mortality, especially in younger patients, with few comorbidities.
How might this impact on clinical practice?
► Patients with AMI who present without classical chest pain are a vulnerable group and should be targeted in order to decrease potentially avoidable mortality, short-term as well as long-term.
AbstrAct
Objective Chest pain is the predominant symptom in patients with acute myocardial infarction (AMI). A lack of chest pain in patients with AMI is associated with higher in-hospital mortality, but whether this outcome is sustained throughout the first years after onset is unknown. Therefore, we aimed to investigate long-term mortality in patients hospitalised with AMI presenting with or without chest pain.
Methods All AMI cases registered in the SWEDEHEART registry between 1996 and 2010 were included in the study. In total, we included 172 981 patients (33.5% women) with information on symptom presentation.
Results Patients presenting without chest pain (12.7%) were older, more often women and had more comorbidities, prior medications and complications during hospitalisation than patients with chest pain. Short-term and long-term mortality rates were higher in patients without chest pain than in patients with chest pain: 30-day mortality, 945 versus 236/1000 person-years; 5-year mortality, 83 versus 21/1000 person-years in patients <65 years. In patients ≥65 years, 30-day mortality was 2294 versus 1140/1000 person-years; 5-year mortality, 259 versus 109/1000 person-years. In multivariable analysis, presenting without chest pain was associated with an overall 5-year HR of 1.85 (95% CI 1.81 to 1.89), with a stronger effect in younger compared with older patients, as well as in patients without prior AMI, heart failure, stroke, diabetes or hypertension. Conclusion Absence of chest pain in patients with AMI is associated with more complications and higher shortterm and long-term mortality rates, particularly in younger patients, and in those without previous cardiovascular disease.
IntROduCtIOn
Most patients with acute myocardial infarction (AMI) present with chest pain, 1 but presenting without classical symptoms is not uncommon. Previous studies have shown that between 10% and 40% of patients with AMI do not report chest pain. [1] [2] [3] [4] [5] Absence of chest pain in AMI is more common in patients with a history of diabetes, in women, older patients 6 7 and in patients with non ST-segment-elevation myocardial infarction (non-STEMI). 8 Patients with AMI with insidious, vague or atypical symptoms have difficulties in interpreting and acknowledging bodily symptoms. [9] [10] [11] [12] Moreover, atypical symptoms of AMI are associated with significantly higher mortality 5 13-15 for reasons that are not entirely clear.
Patients with AMI presenting without chest pain have a longer delay before they seek medical attention and hospital presentation. 7 Therefore, these patients are more frequently misdiagnosed 5 16 and receive less aggressive medical treatments and interventions. 5 8 Potentially because of this, complications are more prevalent in patients with AMI presenting without chest pain or discomfort than in those with these symptoms. Patients with AMI without chest pain have a higher short-term mortality rate compared with patients presenting with chest pain. 13 However, whether this poorer outcome is sustained throughout the first year has only been shown in a small study.
14 Therefore, this study aimed to investigate long-term mortality in patients who were hospitalised with AMI presenting with or without chest pain.
MetHOds
Registers and sample procedure We obtained information from the national quality of care register SWEDEHEART. 17 The register includes all patients who are treated for acute coronary syndrome in coronary care units or other specialised facilities in Sweden. The register started in 1995 with 19 participating hospitals, increasing gradually to 72 hospitals, and currently includes all Swedish hospitals treating acute cardiac diseases. The register includes information on clinical characteristics, type of infarction, symptoms, diagnosis, medication, and procedures on admission, during hospitalisation and at discharge. The register is monitored on a regular basis with a 95%-96% agreement between the registry and health records. On admission, all patients who are registered in SWEDEHEART receive written information about the registry, their voluntary participation and about the possibility to decline participation.
definitions During the study period, Sweden adhered to the criteria for diagnosis of AMI according to WHO (1996 to 2001) 18 Additionally, criteria were based on the European Society of Cardiology and American College of Cardiology Committee/American Heart Association consensus document from 2001 when the use of troponins became standard. 19 20 Tobacco smoking status was defined as not smoking (never smoked), ex-smoker (>1 month before admission to hospital) and current smoker.
This study included all patients aged 18 to 84 years in the SWEDEHEART registry, who were admitted to hospital because of AMI between 1996 and 2010. We included patients the first time that they appeared in the register, and a total of 194 609 patients were identified. In the protocol, symptom presentation at the time of admission was registered as (1) chest pain, (2) dyspnoea, (3) prehospital cardiopulmonary resuscitation (CPR) or (4) other symptoms (not specified). Patients presenting with dyspnoea or other symptoms was defined as not having chest pain. Patients with missing information on symptom presentation (n=19 422, 10.0%), prehospital CPR (n=2158, 1.12%) or invalid PIN codes (n=48, 0.025%) were excluded from the study. After these exclusions, the study population comprised 172 981 unique patients diagnosed with AMI. By merging the Swedish National Inpatient Register (IPR) with SWEDEHEART, prior events or a history of diabetes, hypertension, heart failure, stroke, percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) were identified. Data for the remaining baseline variables were collected from SWEDEHEART. The Swedish IPR is based on the International Classification of Diseases (ICD) codes, with the ICD ninth revision used from 1987 to 1997 and the ICD 10th revision from 1997 to 2010. Data regarding all-cause mortality were obtained by merging SWEDEHEART with the National Cause of Death register. For anonymity, all personal identifiers were removed and replaced with a code in the final data set.
statistical methods
All analyses and data management were performed using the statistical software SAS V.9.3 (SAS Institute, Cary, North Carolina, USA). Graphics were created in R V.3.1.3. Descriptive statistics mean and SD, median and IQR and percentages are used to describe baseline characteristics. Comparison of risk factors between different groups at baseline was assessed by the χ 2 test for dichotomous variables and the t-test for mean values, as well as the Wilcoxon rank test for medians of continuous variables. HRs with 95% CIs were obtained from Cox regression to assess the relative risk of mortality over time for patients with AMI without chest pain relative to those with chest pain. Two different adjustment techniques were used for each time window; one model was adjusted for age and year of hospitalisation and the other for all covariates in the list. The incidence rate for death was calculated as the ratio of events (death) and person-years of follow-up for all patients. The rates were calculated for the age groups 18 to 64 and 65 to 84 years by symptom presentation. All-cause mortality and 30-day, 1-year and 5-year mortality rates were calculated within each age group in relation to presentation of symptoms. The 5-year survival functions were estimated by the Kaplan-Meier method. The log-rank test was conducted to compare survival at 30 days, 1 year and 5 years between patients with AMI presenting with or without chest pain. Significance level was set at p value <0.05.
Results
A total of 172 981 patients were included in the study cohort; of these, 33.5% (n=57 914) were women. Women with AMI were significantly older than men (71.5, SD 10.2 vs 67.1 years, SD 11.0, p<0.001). The majority of patients presented with chest pain: 92.9% in patients <65 years and 84.4% in those ≥65 years (data not shown). The proportion of patients presenting without chest pain was significantly higher in women than in men (16.2% vs 11.0%, p<0.001). This proportion increased with age, such that 5.5% and 4.7% of women and men aged 18-44 years had no chest pain compared with 20.0% and 16.8% of women and men aged 75-84 years, respectively (table 1). In those presenting without chest pain, 25.1% and 29.6%, respectively, among younger (<65 years) and older patients (≥65 years) had dyspnoea, while the rest had other symptoms (data not shown). Patients with AMI presenting without chest pain were older, more often women, and had more risk factors (diabetes, hypertension) and comorbidities, regardless of age, compared with patients presenting with chest pain. Smoking was more common in patients <65 years and significantly higher in those presenting with chest pain. Additionally, previous medication with aspirin, β-blockers, ACE inhibitors/angiotensin receptor blockers, lipid-lowering treatment and diuretics were more common in in both younger and older patients without chest pain, especially in older patients (table 2) .
Overall median (IQR) concentrations of maximum troponin T and troponin I were higher in patients presenting with chest pain. In patients without chest pain, median (IQR) concentrations of maximum troponin T and troponin I were higher in older patients (table 2) . The proportion of patients with STEMI was significantly higher in patients with chest pain and notably higher in younger patients. Also, the median (IQR) delay from symptom onset to hospitalisation was longer in patients without chest pain. Patients without chest pain had a higher mean heart rate on admission, but lower mean systolic blood pressure. Overall, patients with AMI without chest pain had more complications, regardless of age, and were more likely to present with signs of heart failure (pulmonary rales) and had more prehospital treatment with continuous positive airway pressure (table 2) .
In patients with AMI aged <65 years with chest pain, 1.9% died within 30 days compared with 7.3% of those presenting without chest pain. Corresponding percentages in patients aged ≥65 years presenting with or without chest pain were 8.7% and 16.4%, respectively. After 5 years, 7.9% and 25.5%, respectively, of patients aged <65 years presenting with and without chest pain had died. Corresponding percentages in patients aged ≥65 years were 34% and 57.7%, respectively (table 2) .
Procedures, treatments and clinical characteristics Serious complications during hospitalisation were more prevalent in patients with AMI presenting without chest pain, particularly in younger patients. In younger patients without chest pain, 7.1% required CPR and 8.1% received inotropic support (table 3) . Furthermore, patients without chest pain were also less likely to undergo angiography regardless of age. Patients aged <65 years with chest pain had the lowest rate of serious complications during hospitalisation (requirement for CPR, 2.7%; inotropic support, 2.3%) and also received more treatment with aspirin/antiplatelets (94%), β-blockers (91.8%) and statins (79.4%). Treatment with diuretics was markedly higher in younger patients without chest pain, as was treatment with ACE inhibitors/angiotensin receptor blockers and calcium blockers compared with those with chest pain. Overall, patients aged ≥65 years without chest pain received less medication but more treatment with ACE inhibitors/angiotensin receptor blockers compared with patients with chest pain. In addition, treatment with diuretics was markedly higher, with approximately three of four patients treated (table 3) . Figure 1A and B shows that most of the excess mortality associated with lack of chest pain occurred in the short term, but with a widening gap throughout the 5-year follow-up. Overall, absence of chest pain was associated with a 5-year mortality HR of 2.12 (95% CI 2.07 to 2.16) (figure 2). In patients with AMI presenting without chest pain compared with those with chest pain, the HRs for mortality, after adjustment for age and year of hospitalisation, were somewhat greater in men than in women (men: HR 2.23, 95% CI 2.16 to 2.29; women: HR 2.00, 95% CI 1.94 to 2.07) and higher in younger than in older patients (<65 years: HR 3.60, 95% CI 3.36 to 3.85; ≥65 years: HR 2.02, 95% CI 1.97 to 2.06). However, the HRs were slightly lower in patients with prior hypertension, diabetes, heart failure, AMI and stroke (all p values for interaction <0.001). HRs associated with absence of chest pain increased over time from 1.97 (95% CI 1.89 to 2.05) from 1996 to 2000 to 2.31 (95% CI 2.22 to 2.39) in 2006 to 2010 (p values for interaction <0.001). Interactions between absence/presence of chest pain and smoking (p=0.0236) and period (p=0.0017) were weaker. The 30-day and 1-year risk of mortality showed a similar pattern as the 5-year follow-up, except for smoking (online supplementary figures 1-4) . After multivariable adjustments, the HRs for 5-year mortality decreased but Figure 1 (A, B) Survival probability curves for patients with acute myocardial infarction presenting with or without chest pain by age group.
Mortality rate
were still higher in patients without chest pain compared with those with chest pain, with no significant interaction with sex ( figure 3 ). However, all interactions between an absence/presence of chest pain and age, hypertension, diabetes and prior disease were still highly significant, with stronger effects in younger subjects and in those without prior known risk factors and cardiovascular disease.
dIsCussIOn
The main aim of this study was to compare the longterm mortality between patients with AMI presenting with or without chest pain. Our study, which included a large number of patients with AMI, showed that patients presenting without chest pain had a higher short-term mortality rate and also had more complications. Additionally, patients without chest pain had a markedly Figure 2 HRs adjusted for age (years) and year of hospitalisation for 5-year mortality in patients with AMI presenting with or without previous hypertension, diabetes, cardiovascular disease and smoking.
higher relative long-term mortality, especially in younger patients, and in those who were comparatively healthy before admission, compared with those with chest pain. Long-term mortality, in absolute terms, in patients presenting without chest pain was markedly high in our study. More than a quarter of patients aged <65 years and half of those aged ≥65 years died over the 5-year follow-up. To the best of our knowledge, few previous studies have investigated long-term mortality in patients with AMI presenting with or without chest pain. Our study confirms the finding from a small single-centre German study 14 that showed that absence of chest pain was associated with an 85% higher risk of long-term mortality, but that study did not report age-specific estimates. In our study, the shortterm mortality (30 days) in patients with AMI presenting without chest pain was 7.3% and 16.4% in younger and older patients, respectively, in line with a US study 13 that showed that in-hospital mortality in patients presenting without chest pain ranged from 12.5% to 16.1% in men and women aged up to 64 years and approximately 22% in patients aged 65-84 years.
In the present study, chest pain was absent in 11.0% of men and 16.2% of women. Some studies have suggested that absence of chest pain is more common and present in approximately 30%-40% of all patients with myocardial infarction. 6 7 Other studies have shown that chest pain is present in approximately 90% of all cases, 1 4 14 but that women to a higher extent have more other associated symptoms. 1 4 14 These differences could be explained by inconsistencies in the definition of chest pain between different studies. 6 However, in the present study, the same protocol was used throughout the whole study period with no changes in the definition of symptoms related to AMI.
Patients with AMI presenting without chest pain were less likely to undergo angiography and to undergo cardiac intervention (PCI or CABG) which also could explain the poorer outcome since early angiography followed by revascularisation has been shown to prevent recurrent ischaemia and improve outcome in patients with non-STEMI 21 as well as in those with STEMI. 22 Even though conditions such as diabetes, hypertension, AMI, stroke and heart failure were more prevalent in patients with AMI presenting without chest pain, medical treatment with aspirin, β-blockers and lipid-lowering treatment were markedly lower during hospitalisation/at discharge compared with those with chest pain, which might have contributed to the poorer outcome. A previous study showed that 30-day mortality in patients with AMI was significantly lower in Sweden compared with the UK. This finding was mainly explained by more extensive use of PCI in patients with STEMI, but also by treatment with β-blockers at discharge, regardless of the type of AMI. 23 Evidence-based treatments with aspirin/ antiplatelet, β-blockers and statins in the acute phase and in secondary prevention after AMI are associated with a lower risk of reinfarction and lower mortality. 24 25 These findings emphasise that treatment should be performed according to guidelines, however carefully judging the benefit in each individual case.
Previous studies have shown that patients with AMI without chest pain or atypical symptoms delay longer before seeking medical attention, which also was the case in this study and could explain why they experience more complications. Moreover, failure to identify symptoms as associated with AMI is associated with worse outcome. 5 16 Absence of chest pain was associated with higher age, female sex and higher 5-year mortality. Additionally, in patients with AMI presenting without chest pain, hypertension, diabetes and previous cardiovascular disease (AMI, heart failure, stroke) were associated with significantly lower HRs. This could potentially be explained by increased awareness of cardiovascular disease in patients with risk factors or those who have already manifested cardiovascular disease. 26 27 In addition, previous medication could also be protective. We have previously shown that patients treated with aspirin, β-blockers, ACE inhibitors and statins before hospitalisation for AMI had a lower risk of presenting with STEMI. 28 However, patients without chest pain might represent a subset with subclinical cardiovascular conditions, explaining their higher absolute and relative risks.
The study has several strengths as well as limitations. Among the strengths, first, this study included data on a large population of patients hospitalised with AMI and included in the national quality of care register, SWEDE-HEART, in Sweden between 1996 and 2010. SWEDE-HEART has national coverage and all hospitals with acute cardiac care in Sweden are included in this register. Second, SWEDEHEART was linked to the Swedish IPR, with national coverage, which includes nationwide data on previous hospitalisations for AMI, PCI/CABG, heart failure and stroke. The Swedish IPR has been validated against patient records, and shows high validity, especially for major cardiovascular diagnoses 29 ; however, subtypes of AMI such as type 2 infarction could not be distinguished, nor takutsubo syndrome which might have been confused with AMI in rare cases. Third, our study included a long-term follow-up linking SWEDEHEART to the national Cause of Death register with almost complete coverage to obtain information on deaths during the follow-up. However, there are also some limitations as in other registry studies. Symptom presentation is recorded as chest pain, dyspnoea, prehospital CPR and other symptoms. But other symptoms are not specified and there is a lack of a precise characterisation of symptoms, which is a limitation to the present study. Because presentation of symptoms is less reliable in patients requiring prehospital CPR, those individuals were excluded from the study, which is, however, unlikely to have influenced the results because they represented only 1.1% of exclusions. The current study was limited to variables that have been consistent and uniformly recorded since the start of the register. Because the definition of cardiogenic shock changed during the study period (1996-2010), this variable was not included. This could potentially have led to underestimation of the risk of mortality in patients presenting without chest pain. Also, even though HRs for mortality were adjusted for age, sex, year of hospitalisation, smoking and prior disease, there is a potential risk of residual confounding.
COnClusIOn
Absence of chest pain in patients with AMI is associated with more complications and higher short-term and longterm mortality rates, especially in younger and healthier patients, even after taking other relevant factors into consideration. A higher awareness in identifying patients with AMI, despite an absence of symptom, is needed, as well as more intense treatment in the acute phase and during hospitalisation, and at discharge for these patients.
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